Pollinators provide key services to both natural and agricultural ecosystems. Agricultural productivity depends, in part, on pollinator populations from adjacent seminatural habitats. Here we analysed the diversity of pollinator insects and its effect to seed set of mustard (Brassica rapa) planted in agricultural ecosystem near the Gunung Halimun-Salak National Park, West Java. At least 19 species of insects pollinated the mustard, and three species, i.e. Apis cerana, Ceratina sp., and Apis dorsata showed a high abundance. The higher abundance and species richness of pollinators occurred at 08.30-10.30 am and the diversity was related to the number of flowering plants. Insect pollinations increased the number of pods, seeds per pod, seed weights per plant, and seed germination.
INTRODUCTION
Pollinators provide key of ecosystem services to both natural and agro-ecosystems. Almost all flowering plant species in tropical lowland rain forests are pollinated by animals (Bawa 1990) . Positive relationships between the richness and abundance of floral resources and pollinator diversity and activity have been found at the landscape level (SteffanDewenter et al. 2002; Klein et al. 2003) . On sunflowers, wild bees may contribute more pollination services through enhancement than that of direct pollination, due to they concentrate on male flowers rather than female ones. Bees visiting only male flowers make no direct contribution to its pollination but do contribute through enhanced pollination (Greenleaf & Kremen 2006) .
Animal pollinators are thought to contribute in 15 up to 30% of global food production (McGregor 1976; Roubik 1995) and bees are recognised to be the most important pollinating taxon (Delaplane & Mayer 2000) . Farmers obtain adequate pollination services by bringing large numbers of honey bees to crop fields (Greenleaf & Kremen 2006) . Single plant species, both wild and crops, may also receive a pollination service of higher quality and quantity as a result of this increased pollinator activity (Klein et al. 2003; Potts et al. 2004) . In addition to the honey bee, Apis mellifera L., which is often advocated as the only practical pollinator, the use of solitary bees and flies has been proposed (Delaplane & Mayer 2000) . Pollination is an ecosystem service of major economic and societal value, which is endangered by recent declines in pollinators (Daily 1997) . Destruction and fragmentation of habitats adversely affect the diversity and abundances of solitary wild bees and bumblebees (Kremen et al. 2002; Steffan-Dewenter et al. 2002) .
In this study, we used mustard species Brassica rapa L.: (Cruciferae). This species is an important crop in Asia (Rubatzkky & Yamaguchi 2000) . Flowers of B. rapa are formed in the stem elongates after the leaf stop growing. The stem has many branches, small leaves, and bright yellow flower. Each flower has four petals and six stamens of which two stamens are shorter than the style but four others are longer. There is a single stigma at the tip of the style. Nectar is excreted at the bases of the short stamens and ovary. The flower is open for three days. Approximately, 95% of species of Crucifers require cross-pollination, although some cauliflower varieties are self-fruitful. Wind is not a good pollinator in Brassica spp. and bees play an important role in pollen vectors. Selfing in the absence of cross pollination generally reduces seed yield, seed size, and yield in subsequent generation (Delaplane & Mayer 2000) . Two species of Cruciferae, B. rapa (syn. campestris) and B. oleraceae were identified as plants with Sporophytic Self-incompatibility (SSI) (Takayama & Isogai 2005) . Self-incompatible plants require pollen transfer from plant to plant (Wallace et al. 2002) . Earlier studies on the effects of pollinator insects to seed set of Cruciferae had been reported. In male sterile oilseed rape (B. napus), yields of the species were increased by honey bee pollination (Westcott & Nelson 2001; Steffan-Dewenter 2003) . Similarly, in sarson (B. campestris), insects pollination increase the seed yield, caused formation of well-shaped, larger grain, and more viable seed (Khan & Chaudory 1995) .
Here, we analysed the diversity of pollinator insects in relation to seed set of mustard (B. rapa). The diversity of pollinator insects was observed in relation to time and flower phenology. Effects of pollinator insects on reproductive success of B. rapa were quantified by measuring the number of pods, seeds, and seed viability. Measuring the Effects of Pollinator Insects to Seed Set. To measure the effects of pollinator insects on reproductive success of mustard, before flowering started, 100 plants of mustard were caged by insect screen of which pollinators had no access to flowers, and 100 plants were exposed to pollinators. Caging of plants was replicated three times. After the end of the fruiting period, we harvested 50 plants and counted the number of pods per plant, seeds per pod, seeds per plant, and seed weights per plant for each treatment. Seed viability was measured using the percentage of germinated seeds. One hundred of seeds were germinated in watered cotton in the plastic pans. Measurements were replicated 60 times for each treatment and the percentage of seed germination was measured.
Data Analysis. The number of species and individual of pollinator insects related to time of observation and the number of flowering plants were shown in graphics. Student's t test and Analysis of variance (ANOVA) were used to test for differences between two or more groups and group differences were established using the Scheffe test at the 95% level.
RESULTS

Diversity of Pollinator Insects.
A total number of 5,955 pollinator insects associated with B. rapa were observed. They were belonged to 19 species and 4 orders (Hymenoptera, Lepidoptera, Coleoptera, and Diptera, for 95, 2.17, 2.07, and 1%, respectively). Three species of flower-visiting insects showed a high abundance i.e. A. cerana (43.1%), Ceratina sp. (37%), and A. dorsata (8.4%). Additionally, six species of Lepidoptera (Nyctemera sp., Parnara guttata, Eurema hecabe, Potanthus sp., Jamides virgulatus, and Neptis hylas), and one species of Coleoptera (Papilia biguttata) and Diptera (Shyrphus balteatus) visited mustard flowers, but they all accounted for less than 3% of the total number of observed pollinators (Table 1) . Fruit Set of B. rapa Related to Pollinator Diversity. Diversity of pollinator insects affected to reproductive success of mustard. The number of pods, seeds per pod, and seed weight per plant was higher in non-caged plants (14.9 pods, 12.8 seeds, and 6.4 g, respectively) than those in caged plants (5.4 pods, 6.5 seeds, and 0.6 g, respectively). When plants were exposed to pollinators, the number of pods, seeds per pod, seeds per plant, and seed weight increased by 178.8, 98.2, 932.5, and 931.9%, respectively (Table 2) . Additionally, insect pollinations also increased B. rapa seed germinations. Seed germination was higher in non-caged plants (92.72%) than that in caged-plants (90.3%) ( Table 3 ). The number of seed set of B. rapa increased with the increasing individual number of pollinators (Figure 4 ).
Diversity of Pollinator Insects Related to Time and Flower
DISCUSSION
Diversity of Pollinator Insect. Our result showed that bees (95% of total pollinator number) were the main pollinators in B. rapa. All other pollinators, such as Coleoptera, Diptera, and Lepidoptera were only of minor importance (5%). Three species of bees (Apidae: Hymenoptera), A. cerana, A. dorsata, and Ceratina sp., were found dominance (5,267 individuals, 
88.45%).
A. cerana and A. dorsata are social bees and Ceratina sp. is solitary bee (Michener 2000) . The number of A. cerana workers in a colony ranges from several to twenty-five thousands (Sasaki et al. 1995) . Its distribution range from tropical Asia across China as far as Siberia. The vast natural distribution is covering a wide range of climatic zones and therefore is responsible for the diverse associations between honey bees and flora of wild plants and cultivated crops (Sihag & Mishra 1995) . Unlike A. cerana, A. dorsata (giant honey bee) generally build nests in the forest. A third species of pollinator bee that has a high abundance is Ceratina sp.
(Ceratinini: Xylocopinae). Ceratinini are traditionally regarded as solitary bees whose females never meet their progeny, but in many species female work through the completed cell series and sometimes female work in same nest with division of labor (Michener 2000) . Most of social bees were found in higher densities within and near the forest than at greater distance from forest, presumably because forest offer a wealth of suitable nesting sites for the colonies of honey bees and stingless bees foraging into the adjacent land-use system. In contrast, most of solitary bees built nest outsides the dense forest, preferring less shaded and less humid agroecosystem that offered open areas for the many ground-nesting species and herbaceous plants for pollen and nectar resources. Solitary bees profited from land-use intensity, because increasing land-use intensity led to more nesting sites for ground-nesting solitary bees and possible competition between social and solitary bees (Klein et al. 2002) . Social bees (A. cerana and A. dorsata) were found in higher abundant at B. rapa flowers than solitary bee (Ceratina sp.). Dense flower patches of B. rapa in this study was more attractive for social bees, because social bees prefer mass-flowering crops (Steffan-Dewenter & Tscharntke 1999). Klein et al. (2003) reported that when coffee flowers are abundant, social bees are attracted in large numbers. Solitary bees were more abundant at times when only single flowers were blooming, with correspondent to the declining of social bees.
Other pollinator species as shown in Table 1 , have a lower frequent visitation (less than 3%). A lower frequent visitation of these species suggest as being less important pollinators. Although, Pieris rapae (Lepidoptera) and several species of stingless bees were reported as efficient pollinators on other plants (Amano et al. 2000; Kandori 2002 ). Two pollinator species, i.e. P. bigutata (Coleoptera) and S. balteatus (Diptera) were relatively the more frequent visitations (2.17 and 2.07%) ( Table 1) . On B. rapa flowers, pollinator insects visited early morning (before observation time) and at the end of observation (14.30 h) we still found those insects. But, the peak abundance of those insects occurred between 08.30 and 09.30 am (Figure 1a) . A higher abundance of pollinator insects in 08.30-09.30 am were due to higher abundance of two Hymenopteran pollinators species (A. cerana and Ceratina sp.). Similar visitation were showed by two pollinators (T. carbonaria (Apidae) and Leiopcoctus speculiferus (Colletidae) that visited Persoonia virgata (Proteaceae) between 09.00 and 11.00 h (Wallace et al. 2002) .
Visitation time of pollinator insects, generally occure in the morning, related to plant resources, especially pollen and nectar availability. Most probably, both availability of pollen and nectar are higher in the morning than in the afternoon and evening. Most bees (Hymenoptera: Apoidea) collect nectar, which provides energy, and pollen, which supplies the protein for larval growth. Pollen and nectar are essential resources for bees because both are required for survival, and one cannot be completely substituted for the other (Plowright et al. 1993) . Despite this joint requirement and the concurrent production of pollen and nectar by many plant species, bees do not often collect pollen and nectar simultaneously. This behaviour implies that the criteria affecting preferences for plant species depend on nectar whether pollen or nectar is the focus of a bee's foraging (Rasheed & Harder 1997) . In B. napus, Pierre et al. (1999) reported the highest nectar secretion was observed at the beginning of flowering with a mean temperature of 12.1 o C and the lowest nectar secretion the day after when the temperature was only 9.1 o C, the second lowest nectar secretion occurred at the end of flowering, despite warm weather (19.9 o C). Nectar resource diversity is not the only factor that is important in structuring communities of pollinator insects (Potts et al. 2004) . Several other important components were the flower morphology (Neal et al. 1998 ) and the combination of sugars in the nectar (Hainsworth & Hamill 1993) .
Abundance of pollinator insects on B. rapa were related to flowers abundance (Figure 2) . Similarly, abundance of pollinator insects increased during flowering season of the temperate grassland (Kandori 2002; Hegland & Todland 2005) and abundance of A. mellifera on Erythronium umbilicatum were varied greatly among sites and years (Kandori 2002) . Dense flower patches seem to be the more attractive resource for many different bee species at smaller spatial scales (Veddeler et al. 2006) . In Phacelia sp., Westphal et al. (2006) also reported mass-flowering fields represent more rewarding resources and bumblebees could collect more rewards per unit time than the ones in the environments with sparse resources, which presumably had longer search and travel times. Once a bumblebee has discovered a rewarding foraging site, it will memorise the location, and exploit the site as long as it will be rewarding (site and flower constancy). Thus, on future foraging trips it will spend less time for searching.
Fruit Set of B. rapa. Seed set of B. rapa could be increased significantly by the number of pollinator insects. The number of pods, seeds per pod, and seed weight per plant increased in non-caged plants. In non-caged plants, the number of pods and seeds per pod increased almost three and two times, respectively. The number of seeds and seeds weight per plant in non-caged plants increased more than ten times compared with caged plants (Table 2) . Insect pollinations also increased the seed germinations of B. rapa, although it was not clearly different (Table 3 ). The high yields of B. rapa in non-caged plants are mostly caused by cross-pollination by insects. Population of cross-fertilising plants contains a large number of heterozygous genes. Obviously, heterozygosity was advantageous for the plants. Heterozygosity gives plants of high growth efficiency and yield. The breeding of crossfertilising plants is now based on the heterosis effect (Mohr & Schopfer 1995) .
Brassica rapa belongs to Sporophytic Self-incompatibility (SSI) as reported by Takayama and Isogai (2005) that require pollen transfer from plant to plant. This indicates that pollinators must be regularly transferring pollen between plants ( Wallace et al. 2002) . In the self-incompatible plants of this family, pollen tubes do not develop properly on the stigma that express the same s-haplotypes as the pollen's parent. Self-pollen rejection results in abrogated pollen hydration, or a rapid arrest of the pollen tube growth at the stigma surface (Takayama & Isogai 2005) . Insect pollination leads to earlier cessation of flowering, and more synchronous pod and seed ripening, thereby possibly increasing the weight of seed harvest (Westcott & Nelson 2001) .
The number of individual pollinators affected seed set of B. rapa. Seed set and abundance of pollinator insects was positively related (Figure 4) . Also Wallace et al. (2002) reported for P. virgata that natural pollinators can be extremely efficient in pollinating flowers and thereby increasing the fruit set. Steffan-Dewenter (2003) reported in male-sterile oilseed rape (B. napus) that insect pollination can positively affect several yield components. However, these effects depend on cultivar and growing conditions and total yields are often not increased due to the considerable compensatory capacity of oilseed rape (Westcott & Nelson 2001) . Insect pollination is one factor influencing the seed set. Other factors are nutrient availability (Juenger & Bergelson 1997) , genetic variability (Oostermeijer et al. 1994) , patch size (Agren 1996) , flower and leaf herbivory (Herrera 1995) , and interactions between herbivores and their natural enemies (Thies & Tscharntke 1999) . Combination of several complementary pollinator species differing in flower-visiting behaviour could be of more importance for high fruit set than only pollinator abundance (Klein et al. 2003) . But overcrowding in cages with different species may result in over exploitation of pollen and damage of flowers, thereby possibly lowering the fruit set (Mesquida et al. 1988) .
In conclusion, this study provides insights into the importance of pollinator insects to help plant pollination, included mustard, an importance crop in the tropic. Our results indicate a diversity and abundance of pollinator insects, especially bees, plays a significant role in fruit set of mustard. Enhancement of pollinator insects as part of crop management should be considered by farmers. This could be done by a reduced use of pesticides, providing nesting sites for solitary bees, and improving pollen and nectar availability for bees.
